Patients with amnestic mild cognitive impairment (aMCI) are at an increased risk of further deterioration and eventually developing Alzheimer's disease (AD). Therefore, the identification of specific markers for this disease such as radiological markers is of great diagnostic and clinical significance. Our previous work has shown that magnetic resonance imaging (MRI) is a powerful tool to identify unique imaging features in patients with aMCI. Herein, we calculated the gray matter volume by structural magnetic resonance imaging (sMRI), and spontaneous low frequency fluctuations (LFF) using resting-state functional MRI (rs-fMRI) in 11 patients with aMCI and 22 normal control patients. Compared with the control group, patients with aMCI showed significant reduction of gray matter volume in the inferior frontal gyrus, inferior parietal lobule, anterior cingulated cortex, and insula and superior temporal gyrus. Patients with aMCI also showed significantly lower amplitudes of low-frequency fluctuations (ALFF) in the posterior cingulate cortex, precuneus, temporal gyrus and inferior parietal lobule when compared with the control group. However, in several other brain regions including the occipital lobe and cerebellum, the ALFF in patients with aMCI was significantly increased. The variation in ALFF between the two groups remained significant after adjustment for structural differences. Our results obtained in this pilot study are consistent with our previous finding and collectively show that patients with aMCI have abnormal MRI imaging findings. The pathological basis of these imaging features in patients with aMCI needs to be further explored.
Introduction
Mild cognitive impairment (MCI) is a transitional stage between normal aging and dementia.
This term is used to define a group of patients who do not qualify for a diagnosis of dementia but do display memory impairment beyond what is expected for their age and with regards to their educational history [1] . It is widely used to indicate a prodromal state of many forms of dementia such as Alzheimer's disease (AD) and vascular dementia [2, 3] . MCI has been classified into two subtypes: amnestic and non-amnestic.
Patients with amnestic MCI (aMCI) have more severe memory problems than those associated with normal aging. Those with non-amnestic MCI however suffer more from impaired thinking skills but not more memory problems than what is normally expected with aging.
Many studies have showed that patients with aMCI are at a higher risk of developing dementia [4] . Therefore, early detection of aMCI in patients may provide a time window to prevent or stop the progress from aMCI to dementia.
Recent studies indicate that the majority of aMCI patients show several pathological features of AD at autopsy [5, 6] . It suggests that unique markers such as radiological imaging markers may be available for the detection of aMCI, which is of great diagnostic and clinical significance [7] . However, until now, only few studies have focused on the predictive value of neuroimaging markers in patients with aMCI [8] .
Recently, functional MRI (fMRI) has been considered as one of the most effective and noninvasive imaging techniques that can be used to measure functional abnormality in neurodegenerative diseases [9, 10] . Previous studies demonstrated that spontaneous lowfrequency (0.01-0.08 Hz) fluctuation of fMRI in resting-state might provide an effective measurement to indicate the neuronal activity [11] . Furthermore, the amplitude of low-frequency fluctuations (ALFF) has been extensively used to study functional brain activity in the resting-state [12, 13] .
ALFF can reflect the intensity of the regional spontaneous brain activity [13] , and it can be affected by several neural diseases and eventually used to detect different diseases such as attention-deficit/hyperactivity disorder [12] , schizophrenia [14] and mesial temporal lobe epilepsy [15] .
Besides using functional MRI, structural MRI studies can also be used to measure gray matter loss in patients with MCI [16] . However, the conventional MRI suffers from several methodological limitations such as significant time consumption, observer dependence, predetermined hypotheses, and it is not sensitive and specific enough to detect gray matter loss in aMCI patients. Our previous work has shown that MRI is a powerful tool to identify unique imaging features in patients with MCI.
We utilized the Voxel-Based Morphometry (VBM) method, which not only assesses the loss of gray matter volume in all anatomical areas, but also permits the comparison of local gray matter density at each voxel in an image [12, 17] . We quantified the ALFF and gray matter volume, and found significant changes of gray matter volume and ALFF in patients with aMCI compared with the control group.
Materials and methods

Subjects
Thirty-three right-handed subjects participated in this study. The patient group included 11 patients diagnosed with aMCI (age 66.6 ± 8.7
years; 2 males and 9 females; mean education duration 8.9 ± 6.2 years). These patients were recruited from outpatient centers and Table 1 .
Data collection
All data were collected using the 3.0 T Philips Ingenia scanners (Philips, Amsterdam, The Netherlands). Head motion was prevented and scanner noise reduced by using foam pads and headphones, respectively. Structural images were collected by using a sagittal magnetization prepared rapid gradient echo three-dimensional T1-weighted sequence 
ALFF calculation
We applied REST software to calculate ALFF (www.restfmri.net). At first, the time series were converted to the frequency domain using Fast Fourier Transform (FFT). Then, the square root of the power spectrum was computed and averaged to 0.01 -0.08 Hz at each voxel.
This averaged square root was termed as ALFF at the given voxel [12] . For standardization purposes, the ALFF of each voxel was divided by the mean global ALFF value within a brain mask, in which the mean GM intensity across all subjects were larger than 0.15. The mask was obtained from the intersection of the brain T1 images of all subjects.
Structural image analysis
To identify the regions in the brain with GM loss, we performed a VBM analysis for structural images (http://www.fil.ion.ucl.ac.uk/spm).
Individual structural images (3D T1-weighted anatomical images) were co-registered to the mean functional images after motion correction using a linear transformation [22] .
The transformed structural images were then segmented into gray matter (GM), white matter (WM), and cerebrospinal fluid (CSF) in the MNI space by using a unified segmentation algorithm [23] . Individual GM maps were further modulated to compensate for the effect of spatial normalization. The resultant images were used to identify the regions with GM loss in brain. Moreover, these maps were also analyzed with statistical analysis to examine the effects of GM atrophy. In the study, we utilized the mean GM map (threshold = 0.15) to generate a group-based GM mask and used this mask for analyzing ALFF differences between the two groups.
Statistical analysis
To compare the difference of gray matter volume and ALFF between groups, multiple linear regression analyses were performed separately by using age, gender and years of Carlo simulations [24] .
Results
The clinical characteristics of the aMCI patients and the control group are shown in Table 1 .
There was no significant difference in age between the aMCI patient group and control ).
ALFF analysis
Comparison of ALFF between the patients and controls was performed after consideration of age, gender, and years of education ( Table 2 ).
The bilateral precuneus/posterior cingulated cortex (PCu/PCC), right temporal gyrus, right inferior parietal lobule, left superior and middle frontal gyrus showed significantly decreased ALFF in the aMCI group when compared with the control group. Additionally, the occipital lobe, lingual gyrus and cerebellum showed increased ALFF in aMCI patients (Fig. 1A) .
VBM analysis
Decreased gray matter volumes were detected in the aMCI group compared to the control Fig. 2 ). The findings in previous studies of gray matter atrophy in AD patients were similar to our observation [25] . Moreover, the pattern of abnormal ALFF was unchanged after considering the structural gray matter volume (Fig. 1B) , which suggests that functional alterations could not be explained by structural abnormalities.
Discussion
The ALFF is a fundamental feature of the resting brain and its presence reflects correlated activity in different brain regions. Currently, it is considered that frontalsubcortical circuits are interrupted at the early stage of AD. This interruption may explain some of the neurobehavioral symptoms and executive dysfunctions [28, 29] . There are five parallel frontal-subcortical circuits linking the specific frontal areas to the corresponding subcortical nucleus [30] . One previous SPECT study found that patients with aMCI showed hypometabolism in the frontal and subcortical areas and their abnormal social behaviors may be attributed to the impaired frontalsubcortical circuits [31] . Furthermore, [32] these studies also found that frontal cortical In our study, the loss of gray matter volume and reduction of ALFF were observed in the superior temporal gyrus and insula, which is consistent with the Xenon-enhanced computed tomography PET study [33] . A previous PET study also suggested that loss of metabolism also occurs at these two regions in the prodromal stage of AD [34] . Structural MRI studies, using cortical thickness analysis, demonstrated that atrophy in the superior temporal gyrus and insula can be found in aMCI patients [35] . Considered together, the temporal gyrus and insula might be important in the development of aMCI.
Several previous rs-fMRI studies suggested that the PCu/PCC has the highest metabolic rates in healthy subjects and may play a pivotal role in default mode network (DMN) at resting condition [36, 37] . The DMN is characterized by coherent neuronal oscillations and routinely decrease during attentiondemanding cognitive tasks, but are active at rest [37] . The DMN has been suggested to be related to a variety of cognitive functions, such as monitoring environmental stimuli [37, 38] , reviewing past knowledge to prepare for future actions [39] and episodic memory processing [40] . Other investigators have reported that DMN activities were affected in various disease states, such as AD [10, 40] and anxiety disorders [41] . To our knowledge, few studies have mentioned DMN activation in patients with aMCI at resting state. Here, our findings showed that the reduction of ALFF at PCu/PCC in patients with aMCI provides evidence to support the idea that aMCI-related abnormalities might exist in DMN components.
We also observed increased ALFF activity predominantly in the cerebellum posterior lobe, lingual gyrus and middle occipital gyrus in the patients with aMCI. Interestingly, studies have suggested that the cerebellum is involved in various aspects of cognitive, emotional and sensory processing [42, 43] . AD patients may suffer a deficit in this complicated cognitive function [44] . Our hypothesis is that the increase of ALFF in these brain regions may be a complement to the cognitive deficits, which re ect a compensatory mechanism in the very 
Conclusion
In this study, we showed that patients with aMCI demonstrated wide structural atrophy and functional abnormalities in multiple brain regions. Furthermore, functional abnormalities could not be totally explained by brain structural atrophy. Here, we provided convincing aMCI-related radiographic abnormalities. These findings have implications in the understanding of the pathophysiology of aMCI. By controlling the risk factors, the occurrence and the progression of dementia might be prevented. This is of great significance regarding early diagnosis and therapy.
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